The aim of the present study was to determine the rates of target vessel revascularization (TVR) and to determine predictors of TVR from clinical and angiographic variables available in the Prevention of Restenosis With Tranilast and its Outcomes (PRESTO) database. BACKGROUND The rates of TVR after percutaneous revascularization procedures, and its prediction with available clinical and angiographic variables, is less well known.
Previous clinical and angiographic studies of percutaneous coronary interventions (PCI) have consistently observed disparity in clinical and angiographic rates of restenosis, with higher rates of angiographic restenosis (1) (2) (3) (4) . Though angiographic assessment of restenosis helps in identifying the clinical and angiographic variables in its causation, the true measure of success or failure after PCI is determined, however, by the clinical events such as death, myocardial infarction, and target vessel revascularization (TVR) (1) . In addition, derivation of information from pooled information from different trials and registries and inclusion of selected populations limits the generalizability of the results. The Prevention of Restenosis With Tranilast and its Outcomes (PRESTO) trial was designed to evaluate the effects of tranilast, an oral anti-inflammatory agent, on major adverse cardiovascular events and angiographic and intravascular end points (5) . The PRESTO trial provided important information on ischemic TVR in 11,484 patients. With this background, we sought to study the rates of ischemia-related TVR in the current interventional era. The second purpose of this retrospective analysis was to identify and predict the clinical and angiographic variables that increase the risk of ischemic TVR and to internally validate the predictors in the PRESTO trial.
METHODS
Study population. The PRESTO trial has been previously described (5) . In brief, it was a double blind, placebocontrolled, parallel group study of patients after PCI. The primary end point was the first occurrence of major adverse cardiovascular events within nine months defined as death, myocardial infarction, and/or ischemia-driven TVR. Restenosis was defined as Ն50% stenosis in the treated segment at follow-up, or at least 50% loss of the original gain in the minimal luminal diameter. Ischemia-driven TVR was defined as intervention for chest pain or a positive test for ischemia (exercise stress test, stress echocardiogram, 24-h Holter monitor, resting electrocardiographic evidence of ST-segment depression or elevation in Ͼ1 lead, or radionuclide study showing reversible defect). The type of inter-vention performed was at the investigators discretion, with the exclusion of intracoronary radiation. Statistical analysis. Summary data are expressed as the mean value Ϯ SD or as a percentage. Unadjusted comparisons between those who developed ischemic TVR within nine months and those who did not were performed with chi-square tests for categorical patient or lesion characteristics, and two-sample t tests for continuous variables. Baseline demographic, patient characteristics, angiographic, and procedural variables were screened univariately using a Ͻ0.05 level of significance. Standard stepwise procedures were then used to select variables to include in the final multivariable model. A two-tailed p value Յ0.05 was considered significant. A multiple logistic regression model was constructed with the following variables considered as candidates: age, Caucasian race, study center, gender, hypertension, treated diabetes mellitus (oral agent or insulin), smoking status, previous coronary artery bypass surgery, previous PCI, dyslipidemia, history of congestive heart failure, current unstable angina, peripheral vascular disease, American College of Cardiology/American Heart Associa- The model's goodness-of-fit was assessed using the Hosmer-Lemeshow method. Model discrimination was assessed using the area under the receiver-operating characteristic (ROC) curve or the c-statistic. Study data were divided at random into an 80% training set on which the models were developed, and a 20% hold-out set on which the model properties such as the area under the ROC curve were evaluated. The risk score was calculated for each patient and the area under the ROC curve was determined for each sample. To study the performance of the variables on patient subgroups, the data were stratified according to de novo lesions and adjusted for whether they received the stent.
RESULTS
Baseline characteristics. A total of 11,484 patients were enrolled in the PRESTO trial. Ischemia-driven TVR was noted in 1,609 patients (14%). The baseline characteristics of patients who required ischemic TVR and those who did not (n ϭ 9,875) are shown in Table 1 . Among other characteristics, female gender, nonsmoker, hypertension, treated diabetes mellitus, hyperlipidemia, history of percutaneous or surgical revascularization, congestive heart failure, acute coronary syndrome, and peripheral vascular disease were associated with higher incidence of ischemic TVR. Singh et al. January 18, 2005:198-203 Restenosis Prediction After Coronary Angioplasty Table 2 highlights the angiographic features of patients with and without ischemic TVR. Longer lesion length (Ͼ20 mm), tighter preprocedure stenosis, higher residual stenosis, and use of rotablator were associated with higher incidence of ischemic TVR. The lesion characteristics associated with higher TVR were bifurcation, ostial, diffuse, restenotic lesions, or lesions with in-stent restenosis. Multivariable correlates. Stepwise regression modeling results of the variables associated with significantly increased risk of ischemic TVR are presented in Table 3 . The significant independent predictors of TVR in this study are age, treatment site (U.S.), nonsmoker, hypertension, treated diabetes mellitus, peripheral vascular disease, previous coronary artery bypass surgery, and current unstable angina. Among the angiographic predictors, lesion length Ͼ20 mm, ostial location, angioplasty of left anterior descending artery, multivessel angioplasty, and use of rotablator were associated with a higher incidence of ischemic TVR. The data did not deviate significantly from the logistic model, as indicated by the nonsignificant Hosmer-Lemeshow test result (p ϭ 0.1285). The mean area (Ϯ SD) under the ROC curve of the bootstrap samples was 0.66 (Ϯ 0.03), indicating a fair ability to discriminate between patients who required TVR during follow-up and those who did not. Validation set. Results from fitting the same model used for the whole (training) set to the subset with de novo lesions adjusted for intracoronary stents are displayed in Table 4 . The predictors of ischemic TVR in this subgroup were similar to the overall group of patients treated for ischemic TVR. Area under the ROC curve for the prediction model applied to the hold-out sample of 2,297 patients was 0.64 (95% confidence interval 0.60 to 0.67), indicating modest ability to discriminate in this subset of patients with de novo lesions.
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DISCUSSION
The present study demonstrated several clinical and angiographic features that are associated with an increased risk of TVR after PCI. Younger age, hypertension, diabetes mel- litus, unstable angina, and previous CABG were among the clinical variables associated with higher risk of ischemic TVR. Ostial lesion location, multivessel angioplasty, lesion location in the left anterior descending artery, lesion length more than 20 mm, and use of rotablator were among the lesion-and procedure-related variables associated with ischemic TVR on follow-up. There was a significant increase in the risk of ischemic TVR at U.S. treatment sites. Smoking and the use of stents were associated with a lower risk of TVR. The present study. The target vessel (lesion) revascularization rates have remained stable since the introduction of intracoronary stents. In the earlier Balloon-ExpandableStent Implantation with Balloon Angioplasty in Patients with Coronary Artery Disease (Benestent) study, comparing balloon angioplasty with intracoronary stents in patients with simple de novo lesions in the native coronary arteries, the seven-month all-event rate in the stent arm was 13.5% (6) . In a more recent higher-risk group of multivessel disease in Arterial Revascularization Therapies Study (ARTS) group, the one-year repeat revascularization in the stent-treated group was 16.8% (7) . Similarly, in the Sirolimus-Eluting Stents versus Standard-Stents in patients with in a native coronary artery (SIRIUS) trial, the target lesion revascularization at 270 days was 16.6% in the control (bare metal stent) group (8) . In recent large pooled data from stent trials, the TVR rates were 14.3% in 6,186 patients (1). Despite worsening baseline and lesion characteristics, the repeat revascularization rates have been the same and ranged between 13% and 16%. The ischemic TVR of 14% in the present study is similar to the previously reported studies. The previously published data are, how- (10) . In contrast, the data of this retrospective analysis were derived from a single, largest, prospective, multicenter, multinational trial with same primary end point (silent and symptomatic) TVR on follow-up. The patient population included lesion characteristics and the treatment offered; they are representative of current interventional practice and represent the "real-world" TVR rates.
The variables identified in the present study associated with increased risk for ischemic TVR have previously been reported with the notable addition of higher incidence of ischemic TVR in patients treated in the U.S. compared with patients treated in the other countries. The reason for higher ischemic TVR is not exactly known; however, higher prevalence of adverse baseline characteristics associated with restenosis, more aggressive invasive approach to patients' symptoms (11, 12) , abnormalities noted in the stress test, or some unidentified factors in the U.S. population that can increase the restenosis and, consequently, the TVR could be the possible factors. Predictors of ischemic TVR. As previously mentioned, the predictors of ischemic TVR were, in general, similar to restenosis (3, (13) (14) (15) . We did a subset analysis on patients with de novo lesions that received stents to analyze the predictors of ischemic TVR in a uniform population. The predictors identified in this subgroup were essentially similar to the overall population. However, the predictive accuracy of the models derived from PRESTO data, to differentiate between patients who would and who would not develop ischemic TVR, was modest. These data are in line with the previously published studies with low-to-modest predictive accuracy for prediction of restenosis and TVR (3, 15, 16) . Target vessel size was not included as a predictor, as it was only available in the angiographic substudy of the trial. Despite inclusion of all the clinical, lesion-specific, and procedural variables, there may be some unmeasured patient, genetic, or lesion-specific variables that can account for the remainder (17) (18) (19) (20) . Until these unmeasured confounders are known, we may not be able to accurately predict the likelihood of a patient developing restenosis (and ischemic TVR) after successful percutaneous revascularization. It would also be difficult to develop treatment algorithms (including drug-eluting stents) based on the available clinical, angiographic, and procedural data. Study limitations. This large prospective study lacked the predictive accuracy to differentiate patients who needed TVR from a group that did not. Though this study is one of the largest and representative of the recent practice, many important subsets, namely vein grafts, bifurcation, left main disease that are known to have higher restenosis, were underrepresented. Also, other features believed to be associated with higher risk of repeat revascularization (e.g., chronic total occlusion, and patients with chronic renal failure) were underrepresented. Thus, these features could not be evaluated in the present study. The PRESTO trial did not include patients who received intracoronary brachytherapy or drug-eluting stents and, therefore, our analysis cannot be extrapolated to this subset. The predictors for TVR had only modest discriminatory accuracy with a c-statistic of 0.66. It is likely that some unmeasured variables are affecting restenosis and, consequently, repeat revascularization. Conclusions. The TVR of 14% found in this study is representative of the "real-world" repeat revascularization rates with current patient demographics, lesion characteristics, and procedural techniques. These rates may serve as benchmark to compare the effect of newer strategies to reduce restenosis and TVR. The predictive accuracy of clinical and angiographic variables in TVR prediction is modest, and should serve as an impetus to search for newer markers for restenosis prediction.
